This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 


Defective images within this document are accurate representation of 
The original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


THIS PAGE BLANK (uspto) 


p 


(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organization 
Inlcrnaiional Bureau 

(43) International Publication Date 
25 October 2001 (25.10.2001) 



PCT 


(10) International Publication Number 

WO 01/78851 Al 


(51) International Patent Classification 7 : A63B 71/06, 

G02F 1/133 

(21) International Application Number: PCT/GB01/01704 

(22) International Filing Date: 12 April 2001 (12.04.2001) 

(25) Filing Language: English 

(26) Publication Language: English 


(30) Priority Data: 

0008964.9 


13 April 2000 (13.04.2000) GB 


(71) Applicant and 

(72) Inventor: RAKOWSKI, Stephen, Charles |GB/GB]; 18 
Redditch, Bracknell, Berkshire RG12 0TT (GB). 

(74) Agent: WOLFF, Francis, Paul; UDL Thames Valley, 
1 Richfield Place, Richfield Avenue, Reading RG1 8EQ 
(GB). 


(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, Fl, GB, GD, GE, GH, GM, 
MR, HU, ID, IE, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84). Designated States (regional): ARIPO patent (Gil, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, l-'R, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TO, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


(54) Title: EQUIPMENT FOR DISCLOSING PRESSURE 


00 
00 



3 a^k yo-\ 


(57) Abstract: The invention relates to equipment, such as for detecting and providing visual confirmation of pressure thereon, 
e.g. from an impact, which comprises an article having a sandwich construction with a pressure-disclosing layer (3) comprising a 
liquid crystal, [fHeinTio^h^rnj^material 4 and a temperature differential layer (5), separated by a layer (4) providing a compressible 
mechanical shield between the pressure-disclosing layer and the temperature-differential layer. Material according to the invention 
can be employed to indicate the boundaries of a tennis court, or sports playing areas, or as a golf training aid, among other uses. 
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EQUIPMENT FOR DISCLOSING PRESSURE 

This invention relates to equipment for disclosing pressure, and particularly to 
sports equipment capable of detecting and providing a temporary indication 
of pressure, such as that which would result from an impact upon that 
equipment. 

It is a common cause of disagreement between tennis players, often 
vehemently expressed in professional tennis, as to whether a ball fell within or 
without the boundaries of the court or the service area. There are means of 
detecting a ball landing outside the service area, but they are not infallible. 
There are a number of faults which cannot be detected, for instance: 

• a foot fault during service 

a ball landing on the service line, including the centre service line 

• a ball landing in or out of play 

There are, in addition, a number of other sports where disagreement can arise, 
for instance, whether a footballer.(association, rugby union, rugby league or 
American) has or has not put a foot in touch when playing the ball. There is 
consequently a need for a means of providing visual confirmation as to whether 
or not a ball has landed on the demarcation lines of a court for racket sports, 
or the boundary of a sports field. There are other applications as well where 
a visual indication of pressure, whether from a sudden impact or from a gentler 
surface to surface contact, would be useful, 

WO 94/28982 discloses a device comprising a sandwich of material that is able 
to adhere to the face of a golf club, and provides an indication of the position 
of the impact of the face upon a ball. The sandwich comprises an outer impact 


WO 01/78851 


PCT/GBO .1/01 704 


2 

layer and an inner adhesive layer, between which is a layer of thermochromic 
material, such as a liquid crystal material. 

A similar device is disclosed in US-A-5805245, but has two or more layers of 
5 thermochromic material that change colour in different temperature ranges. 

DE-A-41 00434 discloses a material for marking lines or boundaries on sports 
fields or courts,. An impact is disclosed by means of a liquid crystal material, 
employing a variety of direct or indirect means 7 , but ho detail is given as to how 
10 these means can operate. - ; . 

According to the present invention, there' is provided equipment for detecting 
an"9 providing visual confirmation of an impact thereon, or of a pressure 
differential, which comprises an article having a sandwich construction with a 
15 pressure-disclosing layer comprising a liquid crystal, or other thermochromic 
material, and a temperature-differential layer, separated by a layer providing a 
compressible mechanical shield between the pressure-disclosing layer and the 
heat emitting layer. 

20 In a preferred embodiment of the invention, a protective layer can be provided 
above the pressure-disclosing layer and preferably, a stabilization layer is 
provided between the protective layer and the pressure-disclosing layer. 

In a further embodiment of the invention, there is provided a support layer, 
25 below the temperature-differential layer; This support layer can be provided 
with an adhesive layer, or with mechanical anchoring points, so as to be 
located on the playing surface. 

The present invention i will ; bei further illustrated with reference to the 
30 accompanying drawings, in which: 
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Figure 1 represents a sample of the material in accordance with the invention, 
and 

Figure 2 represents, on a larger scale, an exploded view of a further 
embodiment of the invention. 

Referring to Figure 1, it will be seen that it comprises a number of layers, 
constituting a sandwoch of material. In the preferred form, there is a protective 
coating layer 1, a stabilization layer 2, a layer 3 in which impact is displayed 
through a colour change, a compressible layer 4, a heating layer 5 and a 

support iayer 6. 

The device is based on the pressure-disclosing layer 3 that provides an 
indication of immediate temperature by means of a change in colour, the 
colours being variable according to the temperature range required. 

The device integrates the liquid crystal membrane with a substrate that 
provides a temperature differential from ambient appropriate to the specific 
application for which the equipment is to be used. When equipment according 
to the invention is subject to external pressure, such as by mechanical impact, 
that pressure is manifested by a telltale mark of a different colour. By adjusting 
the temperature differential between that of the equipment and ambient 
temperature, the visual indication of the mark on the surface can be made to 
remain visible for extended periods. 

After an estabSished time lapse, the indicator membrane returns to its original 

colour. • • :-, .-• ■-■ 

The protective coating 1 is a waterproof layer, e.g. formed from a suitable 
plastics material, such as polyuirethane or polyvinyl chloride, to provide ultra- 
i violet stabilization, thermal protection, and high mechanical strength. It may 
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for example preferably have a thickness from 1 50 to 400 pm. It can, if desired, 
be provided with a surface texture to match that of the playing surface line. 

Where the appearance or texture of grass is required, layer 1 may be 
supplemented by the application of a layer of sprayed adhesive followed by the 
spraying of plastic fibres, electrostatically charged, for instance, 2 to 6mm in 
length. These fibres will be coloured or clear, as appropriate, This layer will 
vary according to application. 

In a preferredembodiment, a clear stabilization layer 2, preferably of polyvinyl 
chloride is located between layers 1 and 3. The purpose of this layer is to 
provide a stable substrate for the application of layer 3. Preferably the layer 
will be comprised of a polyvinyl chloride film, 100 to 150 pm thick, glass clear 
and ultra-violet (UV) stabilised. The plastics material will incorporate a 
sufficient quantity of plasticiser to ensure ductility in operation but with high 
elasticity, enabling a rapid return to the ground state. 

Pressure-disclosing layer 3 comprises a : liquid crystal layer which can be 
^sprayed or screen printed onto the bottom of layer 2.-The thickness of layer 3 
is preferably approximately 50 to 100 pm. ,, 1 - 

K .41". r.'-"-" v;; .-. ■ ' 

This is an existing commercial product, used in its simplest application as a 
thermometer. The indicator crystals are supplied in a suspended solution, 
dissolved in a solvent which volatilises following application, leaving an even 
distribution across any surface, while remaining reactive to any temperature 
differential. The colour and temperature differential range can be tuned for 
appropriate applications. 

The chemical fcrmula of the indicator medium can also be adjusted to change 
the-response time and "relaxation" time of the colour change. This liquid is 
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known for being screen printed onto cotton T-shirts to show colour change, 
triggered by changes in the wearer's skin temperature. 

Layer 4 is a compressible membrane providing a mechanical shield between 
pressure-disclosing layer 3 and heating layer 5 below. It comprises a material 
having high thermal conductivity. The function is to translate the temperature 
differential, provided bellow the layer from the heating layer, into the remnant 
of a physical impact from above the layer. 

The nature and thickness of the material of thus layer is dependent on its 
intended application, e.g. it cars-be carbon impregnated polyvinyl chloride film 
e.g. of 300 um thickness. Its elasticity can be modified by addition of a 
plasticiser to affect its coefficient of restitution, in order to regulate 'bounce' 
characteristics and refresh rate of remnant impact impression and/or to 
transmit heat from the heating iayer 5 to layer 3. Surface texture can, for 
example, comprise a myriad of point locations created by embossing material 
with pattern or producing a coarse weave, e.g. of 30 to 50 mesh per cm, using 
polyvinyl chloride filament. Another method by which this Jayer may be formed 
is by deposition of sintered spheres directly on the surface of layer 5 or on a 
thin membrane which is then applied to the layer 5. Suitable sintered spheres 
may, for example, have an average diameter of about 50 micrometres, while a 
membrane, if used, may have a thickness of around 10 micrometres. Pressure 
on the indicator layer will be transferred through to heater layer, through point 
contact, creating ^ colour change due to localised heat transfer through the 
layer. 

The :t©mperafcar© . differential! • layer 5 nan, be, for example, a commercial ly- 
availabEe iow ifemperaftaire heat Sape having a thickness determined according 
to the intended! application, e.g. of 2rnrn thickness, it can provide a 
temperature, depending upon according to the intended applications, from 0 

A1_l_> 
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to 100°C. Alternatively, it can be a heat-removal system employing cooling 
fluids, a chemically-reactive system, etc. Whatever system of heating or cooling 
is employed, an appropriate temperature-differential to ambient can be applied 
to the liquid crystal membrane to realise an appropriate colour-sensitivity 
5 range. Impact will be registered by an almost instantaneous change in 
temperature, producing a visible indication of .contact with the equipment, 
followed by a controlled restitution time during which a remnant contact mark 
will remain visible. The temperature differential can be powered actively, by 
means of a transformer or low maintenance batteries, or passively, by natural 
10 air contact, solar panels, chemical reaction; etc." Low cost commercial heater 
tapes are already available for maintaining temperature in e.g. equipment 
enclosures, fluid conduits, etc. One example of such tape is supplied by 
Electrothermal Limited, Leigh-on Sea, Essex. 

The support layer 6 provides mechanical support and strength, and insulation 
from the heat-emitting layer 5. It may have a thickness of e.g. 500 um. Hard 
wearing, heavy duty material (e.g. canvas, polyvinyl chloride, polyurethane, u- 
polyvinyl chloride). It may be provided with adhesive, Velcro™ or mechanical 
fixing points (e.g. "eye" points) to locate on surface. 


In Figure 2, the equipment comprises a protective layer 1 1; an optional second 
prote ctive laye r 12, a, colouration layer 13, an optional heat-trarssmiitting layer 
14, a temperature-differential generating layer (15), and a base-protecting layer 

16. .. . -.. : -.vvv..:: ■ , r-~- ,- , 

The protective layer 1 1 may by formed from any suitable plastics material that 
preferably offers the required qualities; of ^transparency or translucency (for 
observability of the colourohange), stability against the effects of UV radiation, 
chemicals or such environmental effects as rainfall, and mechanical strength 
(to ensure adequate durability). Various polymeric materials, such as 

\ 
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polyurethane, polyvinyl chloride, polycarbonates, and latex polymers are 
known to provide such properties. 

In general, it may have a thickness from 150-400 micrometres, and may be a 
continuously extruded or deposited layer or have a woven or knitted 
construction providing a surface which may be smooth or textured, simulating 
_ turf or short grass, Jhe surface finish being consistent with the playing surface 
of the applicable sport, the coefficient of friction being dependent upon the 
particular application!. 

The optional second; protective layer 12 is a clear layer between layer 11 and 
the colouration -fayeT~T3. It should be glass clear and UV stabilised, the 
materials employed being generally chosen from the same materials as layer 
11, but layer 12 , will be of lesser thickness, e,g, from 100-150 micrometres. 

In general, layers 11 and 12 may be faxed to the adjacent layers by thermal, 
radiofrequency, glue or mechanical fixing as desired. 

The, colouration layer^f may. comprise a liquid crystalline layer applied or 
adhered to the base of layer 11, or layer 12 if employed, or to the top of the 
temperature-differential generating layer 15, or the heat transmitting layer 14, 
if one is employed. It may be applied by spraying, screen printing or the 
material may be separately encapsulated. Any suitable liquid crystal material, 
such as cholesteric or nematic liquid crystal. Other photochrome materials 
may be employed, if desired. The colour of the material will be dependent upon 
the intended application. The layer will be generally 50-100 micrometres thick 
to provide a visible.sclidl colour, .hut not to be opaque. Iff the colouring material 
is dispersed in a/^tei^, the .material off the matrix should be ductile, off high 
elasticity and restitution, and mechanically stable,; e.g. to creep or cracking. 
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The layer may be fixed to the adjacent layers by a means of the same type as 
described above for layers 11 and 12. 

The optional heat-transmitting layer 14 may be employed, depending on the 
intended application of the equipment. It will generally fce about 50 micrometres 
thick, of rigid or semi-rigid material, e.g. a plastics material, rubber or an 
extruded metal, and may be either a continuous iayer or a layer of varying 
thickness, with point or line contact with adjacent layers, e.g. with shaped 
particles such as pyramids 14a, semispheres, or sintered spheres 14o, so as 
to emphasize the temperature difference between optimum temperature (as a 
function of colour range) and the temperature of the layer below. The shaped 
articles may be embossed on the layer (as in 14a), a granular layer (as in 14b), 
or may be formed by producing a coarse Weave of an extruded semi-rigid 
polyvinyl chloride filament. As an alternative, sintered spheres, e.g. of average 
diameter about 50 micrometres may be deposited on a relatively thin surface, 
e.g. about 10 micrometres thick, or may be deposited directly on layer 15. 

The temperature-differential generating layer 1 5 provides thermal energy to the 
device from a discrete internal layer or heat may be conducted into the 
equipment, e.g. by body warmth, depending' upon where the equipment is 
located. In an alternative embodiment, a series of heating and cooling zones 
are provided, in the form of small tubes through which relatively colder and 
warmer fluids may be circulated. This can be used to provide a- predetermined 
colouration pattern in layer 13. v *. 

The energy source for layer 15 may be any convenient means- that will produce 
a temperature differential from ambient temperature by conduction, convection 
or radiation. The energy may be stored or geff§rdtedi e.g. from mains, battery, 
liquid natural gas, liquid petroleum gas, or butane; passive e.g. from infra-red 
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radiation, active solar heating, body heat (e.g. in prosthetics), exothermic or 
endothermic chemica! reaction, or by evaporative or convection cooling. 

The base protection layer 16 acts to separate the equipment from the ground. 
5 its mechanical strength wiiS depend on the application. It can be employed to 
protect the edges of the equipment. The coefficient of the lower surface will be 
dependent on the intended application, and can be, for instance Velcro (TM) , 
grippers, spikes, iatex or an adhesive. The anchorage method will depend upon 
the surface to which the equipment is applied. Depending upon the surface 
io suitable methods can be from an adhesive, stakes through eyelets, weights, or 
the equipment may be sown to a removable substrate for transport. The 
material of the layer may be chosen for its intended use, and may be e.g. wood, 
a plastics material), or a metal. 

15 if desired the base layer and the upper protective layer may be joined along 
their edges to encapsulate the' layers between them. 

One method for manufacturing a tape or mat according to the invention could 
be as follows: 

I. Layer 1 is placed face down. 

II. Layer 2 is placed on top of layer 1. 

III. Tell-tale reaction layer screen 3 is printed or sprayed on top of 
layer 2. 

25 IV. Layer 4 m laid on top of layer 3, once stable. 

V. The edges '--'Mv these four layers will be welded e.g. by 
radiofrequency welding. v < •' • ' 

VI. . Heating or cooling layer 5 is pSaced on top of consolidated layers. 

VII. Final support membrane laym 6 as laid on top, with a final welding 
30 along edges, without affecting heater mat. 

BNSDOCID: <WO 017B851A1J_> 


PCT/CB01/01704 


WO 01/78851 


PCT/GB01/01704 


10 

VIII. Mechanical fixings, Velcro™ or double-sided adhesive may be 
attached according to application. 

Not only can multi -layer material in accordance with the present invention be 
employed for marking the boundaries of a playing surface, or for dividing the 
playing surface into different areas, it can also be employed as a training aid 
in golf. In such an instance, it would be provided in the form of a mat, or at 
least in the form of an area wider than the extended but narrow shape of the 
boundary lines of a court for playing racket sports or football. 

For the golf training mat application, the base material would have to be dense 
enough to prevent movement when the mat receives a high velocity impact 
from the club head. This may be enhanced by the provision of mechanical 
fixings into the base or floor, carpet, etc The base also provides mechanical 
protection for the electrical conduit leading to the heater mat in layer 5. 

When a golf ball is hit, it is important that, at the moment of impact, the bottom 
of the club face should be perpendicular to the intended course of the ball, and 
should remain so immediately before and after impact. Many players find it 
extremely difficult to ensure that the moment of impact of the club head with 
the ball occurs during the appropriate portion^of the swing. This is particularly 
difficult when practising in a confined space such as a net. 

A strip of a material according to the invention can therefore constitute a 
practice or training aid for golf. It will provide . an immediate indication of the 
path of the club head immediately before and after impact. The direction of the 
path will show at once if the played; swing, tsjfsuSCy. Both an in-to-out swing 
(with the club head moving away from the intended track of the ball at the 
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moment of impact) and an out-to-in swing, lead to misdirected shots. The use 
of the material will therefore enable a player to correct swing faults very easily. 

Other potential uses of tape or mats according to the invention can be to 
5 delineate out of bounds areas adjacent to the touchlines in American football, 
or basketball, or to indicate the exact point of impact in shot putting. 

Possible norc-sporting uses of material according to the invention include: 

io • Use in the form of tape or sheets as an aid an fitting prosthetic limbs, by 
placing the material between the stump of a iamb and the prosthesis to be 
fitted. 

• Use in the form of tape or mats (with adhesive backing) in production lines 
15 to indicate which surfaces are binding where a free flow is required. 

• Use in sheet form and applied as a surface covering to models (e.g. boat 
hulls, aviation or motor models) for testing in a wind tunnel or water tank. 
The regions of the model where pressure is greatest can be displayed by 

20 the difference in colour. 

Use to identify sources of delay arising from obstructions in production 
lines, where articles on the production line may come into contact with one 
another or with boundaries on the line. 

25 

The total device is capable of withstanding a broad range of temperature, such 
as those resulting from solar radiation or autoclaving. It is a simple matter to 
repair the whole or intermediate layers. It is electrically isolated, and 
waterproof, and exhibits impact-resistance and puncture resistance. It is 
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chemically stable and durable. Most or all of the components are already 
existing, and may be obtained from various suppliers. 


10 


The various applications of the equipment include: 

Bottleneck detection in production engineering; dew detection en sporting 
arenas; impact detection on artificial cricket pitches; detection of impact in out- 
of-bounds areas for various racquet sports; surface-to-surface contacts; 
various scientific uses such as anemomometric measurements, measurement 
of velocity contours in wind tunnels and in hydrodynamic testing of ships or 
cars; or for advertising (multi-message advertising due to embedded messages 
in different temperature-sensitive layers). - 
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CLAIMS 

1. Equipment for detecting and providing visual confirmation of an impact 
thereon or of a pressure differential which comprises an article having a 
sandwich construction with a pressure-disclosing layer comprising a liquid 
crystal, or other thermochromic material, and a temperature-differential layer, 
separated by a layer providing a compressible mechanical shield between the 
impact-disclosing layer and the heat emitting layer. 

2. Equipment as claimed in Claim 1 wherein the temperature-differential 
layer is a heat-emitting layer. 

3. Equipment as claimed in Claim 1 wherein the temperature-differential 
layer is a heat-absorbing layer. 

4. Equipment as claimed in any one of claims 1 to 3 which comprises a 
protective layer above the pressure-disclosing layer. 

5. Equipment as claimed in Claim 4 comprising a stabilization layer 
between the protective layer and the pressure-disclosing layer. 

6. Equipment as claimed in any of Claims 1 to 5 which comprises a support 
layer below the heat emitting layer. 

7. .... Equipment as claimed in Claim 6 comprising an adhesive layer below the 
support layer. 

8. Equipment as claimed in Claim 6 wherein the support layer is provided 
with anchoring points. 
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9. Equipment as claimed in any one of Claims 1 to 8 in the form of a ribbon 
or tape. 

10. Equipment as claimed in any one of Claims 1 to 8 in the form of a mat or 
a sheet. 

11. Equipment as claimed in any one of Claims 1 to 10 wherein the edges of 
the base layer and the protective layer are joined to encapsulate the 
intermediate layers. 
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